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For METHOD OF FABRICATING AN MRAM DEVICE INCLUDING SPIN 
DEPENDENT TUNNELING JUNCTION MEMORY CELLS 



Box AF 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

RESPONSE TO OFFICE ACTION DATED JULY 18, 2002 

FAX ^'^^^ RFCEIVED 

Claims 12-20 are pending in this application. ^^T U 9 2002 

Claims 1 2-20 are rejected. TECHNOLonv center 2800 

In the office action dated 18 July 2002 and made final, claims 12, 15 and 
16 remain rejected under 35 USC §1 02(b) as being anticipated by Gallagher at al., 
and claims 13, 14, and 17-20 remain rejected under 35 USC §1 03(a) as being 
unpatentable over Gallagher et al. in view of Inomata et al. These rejections are 
respectfully traversed. 

Arguments in the previous response are restated. Claim 12 recites an SDT 
junction of a memory cell for an MRAM device. The junction comprises a bottom 
fen-omagnetic layer, an insulating tunnel barrier atop the bottom ferromagnetic 
layer, and a top ferromagnetic layer atop the insulating tunnel barrier. The bottom 
ferromagnetic layer has flattened peaks. 

Gallagher et al. also disclose an SDT junction. The structure of Gallagher 
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et al.'s magnetic tunnel junction 8 is described on col. 4, lines 16-25. and 
fabrication is described in col. 5, lines 49+. However, Gailagher et al. do not teach 
or suggest tliat the peaks of a bottom fen-omagnetic layer are flattened. 

Inomata et al. do not teach or suggest a bottom ferromagnetic layer having 
flattened peaks. 

Because neither Gallagher et al. nor Inomata et al. teaches or suggests a 
bottom ferromagnetic layer having flattened peaks, claim 12 and its dependent 
claims 13-16 should be allowed over these patents. 

Claim 17 recites SDT junctions including bottom ferromagnetic layers. Each 
bottom fenromagnetic layer has an upper surface, and each upper surface has a 
valley-to-peak height variation of no more than about one nanometer. 

Neither Gallagher et al. nor Inomata et al. teaches or suggests such a 
valley-to-peak height variation. Therefore, claim 17 and its dependent claims 18- 
20 should be allowed over the combination of Gallagher et al. and Inomata et al. 

In the latest office action, the examiner states that the arguments in the 
previous response fail to comply with 37 CFR 1 .1 11 (b) because they amount to a 
general allegation that the claims define a patentable invention without specifically 
pointing out how the language of the claims patentably distinguishes from the 
references. The undersigned is absolutely bevi^ldered by this statement, since the 
previous response argued that neither Gallagher et al. nor Inomata et al. teaches 
or suggests a bottom ferromagnetic layer having flattened peaks, and that neither 
of these patents teaches or suggests a valley-to-peak height variation of about 
one nanometer. 
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After making this bewildering statement, the examiner then offers some 
"interesting" reasons as to why the claims are eithar anticipated or obvious. The 
examiner offers the following reasons as to why Gallagher suggests a bottom 
ferromagnetic layer having flattened peaks. He states 

With respect to claim 12, applicant argues, that Gallagher et 
al do not teach, "Surface smoothness (Flat peak) is very important to 
control resistance" and "a pinpoint cite of such teaching is not 
provided The Examiner would like to read the location of such 
teaching once more; The resistance of the MTJ 8 is strongly 
dependent on the thickness of the tunneling barrier layer 22. its 
electronic barrier height, and the layer material properties, such as 
the surface smoothness of the lower layers (Col.6, line 24 to 45), 
Therefore, the Examiner considers said surface smoothness to the 
parameter that indicates the nature of the surface. Mentioning 
"Surface smoothness" equivalent to mentioning "Surface roughness" 
which implies the presence or the absence of peaks on the surface. 
"Flattened peaks" means smooth surface, and "non-flattened peaks" 
mean rough surface. 

Gallagher et al. do indeed state that resistance of the MJT 8 is dependent 
upon thickness of tunneling barrier layer 22 and the surface smoothness of the 
lower layers. However, they do not make the general suggestion of smoothing the 
bottom ferromagnetic layer or the specific suggestion of flattening peaks of the 
bottom ferromagnetic layer 



The examiner states that "flattened peaks" means smooth surface, and 
non-flattened peaks means rough surface. The applicant, who has significant 
industry experience and holds patents in MRAM design, is not aware of these 
definitions. Moreover, the examiner has not offered any documents supporting 
these definitions. Therefore, it is assumed that these definitions are based on the 
personal knowledge of the examiner. Pursuant to MPEP §707 and 37 CFR 
§1 .104(d)(2), the examiner is respectfully requested to cite a document or make 
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an afRdavrt supporting his personal knowledge that flattened peaks means smooth 
surface, and non-flattened peaks means rough surface. 



It is not likely that the examiner will find support for his definitions. 
Roughness or smoothness of a surface is a function of factors such as lattice 
mismatch, and strain between layers. Smoothing, in contrast, is an operation that 
is performed on the grains. 



Finally, the examiner argues that Gallagher and Inomata et aL disclose a 
peak-to-valley height variation of about one nanometer. The previous office action 
stated that such a variation is disclosed in a passage on col. 19, lines 60-67 of 
Inomata et al. It is not. This passage merely states "grain size may preferably be 
1 nm or more so as not to have super-paramagnetism. Grain size refers to the 
diameter of the grains, not their height 



The examiner states 



With respect to claim 17, Applicant argues, that neither 
Gallagher et al nor Inomata et al teach "Valley to peak variation". 
Applicant argues, Grain size refers to the diameter of grains, not 
their heighr. The Examiner begs to differ by invoking a "Basic 
geometry laws " If the grain size refers to the diameter of the grain, 
this implies that the grain is a circle. The diameter of a circle is also 
the height and the width of the circle since a circle Is by definition a 
closed line smooth with no sharp angle. Therefore, a layer formed by 
these grains will have at its interface valley to peak variation equal to 
the grain size unless the grain interface surface is rendered 
smoother by polishing. 

This statement suggests that a grain is spherical. 



The applicant, who has significant industry experience and holds patents in 
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MRAM design, is not aware of these "Basic geometry laws" as applied to grains of 
a ferromagnetic layer. Tlie examiner has not cited a document that sets forth 
these" Basic geometry laws" for grains, so it is presumed that he is once again 
relying on personal knowledge. Pursuant to MPEP §707 and 37 CFR 
§1 .104(d)(2). the examiner is respectfully requested to cite a document or affidavit 
supporting his personal [knowledge that the diameter of a grain is its height and 
the width; and that "a layer fomned by these grains will have at its interface valley 
to peak variation equal to the grain size unless the grain interface surface is 
rendered smoother by polishing." 

It is unlikely that the examiner will find such a document. It is well known 
that the grains of a ferromagnetic layer are not spherical as the examiner 
suggests. The grains exhibit columnar growth. The diameter of the grain does 
not detenmine its height or a peak-to-valley difference of the layer. 

In conclusion, neither Gallagher et al. nor Inomata et al. teaches or 
suggests a bottom ferromagnetic layer having flattened peaks. The examiner 
does not cite any documents showing this difference between claim 12 and the 
combination of Gallagher et al. and Inomata et al. Instead, the examiner uses his 
flawed personal knowledge to make the '102 rejection. Clearly the examiner has 
not made a prima facie case of anticipation with respect to claims 12, 15 and 16. 
Therefore, the '102 rejections of claims 12, 15 and 16 should be withdrawn. 

Finally, neither Gallagher et al. nor Inomata et al. teaches or suggests such 
a valley-to-peak height variation of about one nanometer. The examiner does not 
cite any documents showing such a valley-to-peak height variation. Instead, the 
examiner uses his flawed personal knowledge to make such a showing. Clearly 
the examiner has not made a prima facie case of obviousness with respect to 
claims 13. 14, and 17-20. Therefore, the M03 rejections of claims 13, 14, and 17- 
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20 should be withdrawn. 

A form PTO-1449 and a copy of Chen et al. U.S. Patent No. 6,292,389 are 
attached. The *389 patent is hereby submitted under 37 CFR 1.97(c) with a 
statement under 37 CFR 1 .97(e). The '389 patent was revealed in an office action 
on a divisional application. Although the office action was dated May 22, 2002, 
the undersigned did not become aware of the '389 patent until early August of 
2002. It is respectfully requested that the '389 patent be made of record. 

Also attached is a Rule 131 declaration. The Rule 131 declaration includes 
an invention disclosure that was prepared by the inventor. The invention 
disclosure is dated June 3. 1999 and was received by the He\Adett-Packard legal 
department on June 4, 1999. The invention disclosure establishes that the 
inventions of claims 12 and 17 were actually reduced to practice prior to June 3, 
1999 before the filing date of the '389 patent. 
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The examiner is respectfuliy requested to withdraw the rejection of claims 
12-20, make the Chen et al. patent of record, enter the Rule 131 declaration, and 
issue a notice of allowability. If issues remain, the examiner is invited to contact 
the undersigned to discuss those remaining issues. 



Respectfully submitted. 
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